The purpose of this study was to develop an improved zona-free method of goat somatic cell nuclear transfer (SCNT) that has both ease of operation and efficiency. The main steps involved were: 1) optimization of in vitro oocyte maturation, 2) parthenogenetic activation of zona-free oocytes, 3)
Introduction
Thirteen years following the cloning of Dolly (Wilmut, et al., 1997) , a through look at the history of technical advancement of somatic cell nuclear transfer (SCNT) technology indicates that the most important breakthrough in simplicity, speed, and reproducibility of an embryo reconstitution system with comparable final embryo quality was achieved when the oocyte's zona pellucida (zona) was enzymatically removed and the conventional Willadsen's method of zona-intact SCNT (Willadsen, 1986 ) was changed to zona-free procedures (Booth, et al., 2001a (Booth, et al., , 2001b Vajta, et al., 2001; Oback, et al., 2003; Vajta, et al., 2003) . Subsequently, Oback et al. (2003) reported a two-fold improvement in the throughput of cloned blastocyst production in the cattle, and the efficiency of cattle cloning in a radical version of zona-free SCNT (termed handmade cloning) attained a rate of 64% (Vajta, et al., 2003) . At that time, the method was suggested to be readily applicable in other species and Wilmut (2003) believed that "It will be interesting to learn how the new methods compare and effective will they prove to be in other species?". Accordingly, growing interest to adopt the zona-free SCNT procedure for other species has appeared and porcine (Booth, et al., 2001a) ,
sheep (Peura, 2003) , and mouse (Ribas, et al., 2005) were cloned using this method.
Several lines of evidence indicate that the goat (Capra hircus) is the ideal species for transgenic production of recombinant proteins due to its unique advantages over cattle and sheep (Baguisi, et Reggio, et al., 2001; Behboodi, et al., 2004; Melican, et al., 2005; Lan, et al., 2006; Keefer, et al., 2001; Ohkoshi, et al., 2003; Chen, et al., 2007) or temporarily incubated in an intermediate oviduct (Behboodi, et al., 2004; Zou, et al., 2001; Xu, et al., 2008) to avoid the abnormal/poor embryo development that has been associated with in vitro culture of goat embryos.
Of note, the two teams who transferred in vitro developed morulae-blastocyst have experienced disappointing results. In a study by Behboodi, et al., (2004) no pregnancy occurred with the transfer of in vitro developed morula/blastocyst clones, however they achieved 30% established pregnancy after the transfer of in vivo developed clones. In another study, Ohkoshi, et al., (2003) produced a male clone from an in vitro blastocyst which died 16 days after birth. Therefore, it seems that the technical difficulties of the conventional SCNT method, along with the lack of an efficient in vitro goat embryo culture system are areas of further research with the goat to improve the success rate of goat NT profoundly impacting agriculture and biomedicine (Baldassarre, et al., 2004a; Behboodi, et al., 2004) .
In the present study, eight experiments were conducted in order to modify and optimize the process of in vitro embryo production, and then to adopt a zona-free SCNT method as previously described by Oback, et al., (2003) in the cattle. The purpose was to develop a simple, fast and efficient production of transgenic goat offspring. CO 2 , 5% O 2 and humidified air (Moulavi, et al., 2006) (Figure 1-B) . Also, the effect of IVM supplementing with EGF (100 µM) plus IGF (100 µM) in the presence or absence of betamercaptoethanol (100 µM ßME) was assessed. Basic IVM medium was comprised of tissue culture medium 199 (TCM) containing 15% of either fetal calf serum (FCS) or self-prepared pro-oestrus goat serum (GS), Na-pyruvate (2.5 mM), L-glutamine (1 mM), penicillin (100 IU/ml), streptomycin (100 µg/ml), FSH (10 µg/ml), LH (10 µg/ml), estradiol-17β (1 µg/ml), cysteamine (0.1 mM). Matured COCs in different IVM treatments (Figure 1 -C) were then subjected to in vitro fertilization as described by Shadanloo et al., (2010) before being cultured in an optimized formulation of synthetic oviduct fluid (mSOF). The mSOF was a serum-free continuous formulation of Tervit, et al., (1972) 
-Zona removal
Experiment 2 was carried out to assess the effect of pronase concentration and protein presence on the efficiency of zona removal and possible spontaneous oocyte activation of the goat oocytes.
Therefore, matured oocytes were stripped of surrounding cumulus cells by manual pipetting in 0.1% hyaluronidase in hepes-SOF free of calcium and magnesium (HSOF) (Figure 1-D) . Denuded oocytes were then rested for 1 h (Ribas, et al., 2006) before being used for zona removal. Zona was F o r P e e r R e v i e w 6 oocytes were incubated for 48 h in SOF medium and then stained with H33342 to evaluate the possibility of pronuclear formation and cleavage .
-Parthenogenetic activation
Experiment 3 was carried out to provide an artificial activation protocol best suited for goat SCNT.
Therefore, zona free oocytes at 28-30 h post maturation were first exposed to electrical pulses [a sinusoidal electric current (7 V/cm) for 10 sec followed by two direct currents (1.75 kV/cm for 30 µsec and 1 sec delay)] in 290 mOsm fusion buffer free of Ca 2+ and Mg 2+ (Hosseini, et al., 2008a) .
Oocytes were then incubated with three concentrations (5, 2.5 and 1 µg/ml) and three durations (5, 2.5 and 1 mins) of ionomycin followed by incubation with 2 mM DMAP for 4 or 2 h ( Figure 3) .
Activated oocytes were then cultured in groups of ten in wells of the wells (WOWs) in 20 µl of mSOF according to Vajta et al., (2000) (Figure 2 -B). Numbers of oocytes cleaved and further developed to the blastocyst stage were determined at days 3 and 8 post activation, respectively.
-In vitro culture of parthenogenetic zona-free embryos
In order to evaluate the effect of embryo density on embryo development (experiment 4), zona-free oocytes were activated with the best parthenogenetic activation protocol determined in experiment 3 and then were cultured for 8 days in mSOF, as individually [(one embryo in a well in 5 µl of SOF (I-IVC)], or as groups of either ten single embryos in 10 wells in 20 µl of SOF (G-IVC) or twenty embryos in 10 wells in 20 µl of SOF (two embryos per well: T-IVC). Blastocysts developed in each culture treatment were used for differential staining as described elsewhere (Moulavi, et al., 2006) .
Somatic cell experiments -Cell lines
To asses the possible effects of cell line and gene-transmission on the efficiency of goat SCNT (experiment 5), skin biopsies were prepared from two adult female goats of two local breeds (Isfahani, Najdi). Samples were then used for in vitro culture of somatic cells as described by Hosseini et al., (2008b) (Figure 4 -A). To confirm fibroblast phenotype, somatic cells at passage 1 were used for immunostaining against anti-vimentin (for fibroblast cells) and anti-pancytokeratin (for 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   F  o  r  P  e  e  r  R  e  v  i  e  w   7 epithelial cells), as described by Kubota et al., (2000) (Figure 4 -B and C). At the same passage, established Najdi cell line was transfected with a home made plasmid containing human-tissue plasminogen activator (htPA) and neomycin resistance genes via lipofection method (LipofectAMINE   2000   TM ) according to manufacturer's guide line. Single colonies which could develop in the presence of G418 were selected and again cultured in the presence of G418 to expand pure colonies. A fragment of each expanded colony was analyzed for presence of htPA transgene using polymerase chain reaction (PCR) test (Figure 4 -H) and among confirmed transgenic colonies one colony with reasonable growth rate and cell morphology was selected for subsequent studies. As described later, somatic cells of an induced aborted transgenic fetus (Figure 2 -D) that harbored the htPA gene was also prepared and used for recloning studies.
-Cell cycle synchronization
Experiment 6 was carried out to assess the effect of cell cycle synchronization methods on different cellular characteristics. Accordingly, non-transgenic Najdi cell line was cultured in presence of 0.5% For enucleation, zona free oocytes were incubated in HSOF containing 3 mg/ml poly vinyl alcohol (PVA) and 5 mg/ml H33342 and then washed and transferred into HSOF/PVA/10%GS droplets on the microscope stage (Olympus; IX71) equipped with Narishige micromanipulators (Olympus). Using 100X magnification, oocytes were enucleated either under constant UV exposure or without UV exposure and solely based on the hallmark of the protrusion (experiment 7). As soon as the chromosome mass (under UV light) or the whole protrusion cone (under normal light) was suckled into the enucleation pipette (10-15 µm outer diameter, perpendicular break), the cytoplast and karyoplast were separated with a brief kick by hand on the warm stage ( Figure 1 -H-J).
In the latter method, enucleation accuracy was determined by UV exposure of the enucleated portion (Figure 1-K) . For assessment of the cytoplasmic volume aspirated, images were taken (Olympus, DP72) from removed cytoplasm already within the enucleation pipettes (using BSW software, Olympus). Since the oocytes in both groups were enucleated with one enucleation pipettes, and therefore the inner diameter of the pipettes was similar in both groups, the mean length of the enucleated portions in each method was used as indicative of the aspirated cytoplasm volume in each method. 
Electrofusion, chemical activation and culture
Experiment 8 was carried out to investigate the effect of fusion buffer osmolarity on fusion efficacy . Also, the effect of embryo culture method on yield and quality of cloned blastocyst development was evaluated. Accordingly, 27-28 h post maturation, 10-15 reconstructed oocytes were first equilibrated for up to 2 mins in hypotonic (210 mOsm) or isotonic (290 mOsm) (Figure 1 -M) using AC current before being subjected to DC currents. Successfully fused couplets were activated using the best activation protocol determined in experiment 3. Activated reconstructed oocytes were cultured in three forms (I-IVC, G-IVC and T-IVC) as described in experiment 4. A number of fused oocytes at 0.5, 1, 2, and 4 h post fusion were used for immunostaining of microtubules as described by Bogliolo et al., (2007) .
A group of zona intact matured oocytes were used for conventional nuclear transfer (Wilmut, et al., 1997) . These reconstructed oocytes were activated based on the best activation protocol in experiment 3 and then cultured in groups of ten in 20 µl of mSOF.
Embryo transfer, pregnancy monitoring and parturition
Two to five grades 1 to 2 IVF, cloned and transgenic blastocysts developed in each group were 
Statistical analysis
Percentages data were modeled to the binomial model of parameters by ArcSin transformation and the transformed data were analyzed by one way ANOVA model of SPSS 17. Differences were compared by Tukey multiple comparison post hoc test. All data were presented as means ± S.E.M.
and differences considered as significant at P<0.05. The effect of different IVM modifications on embryo development of fertilized oocytes is indicated in Figure 6 . As shown, adding vero cells to maturation medium and replacing FCS with GS insignificantly improved cleavage, blastocyst and hatching rates compared to the control group. In the presence of EGF/IGF, the percentages of cleavage, blastocyst and hatching were 93.2±2.9%, 48.4±6.3% and 68.9±3.3%, respectively. These rates were significantly greater than the blastocyst rate of the vero group (37.5±1.6%), cleavage and hatching rates of the GS group (73.4±4.0% and 38.2±4.3%, respectively), and all the related rates of the control group (P<0.05). Combined supplementation of IVM medium with monolayer, GS and IGF/EGF resulted in 93.2±2.9% cleavage, 48.4±6.3% blastocyst and 73.5±2.7% hatching. These rates were significantly greater than the related rates in the vero, GS and control groups. Addition of ßME did not improve the result of IGF/EGF+GS+vero group. Therefore, the vero+IGF/EGF+GS culture system was selected for IVM studies.
Results

-In vitro maturation
-Zona removal
After one min incubation with 5, 4, 3, and 2.5 mg/ml pronase, the percentages of oocytes with partial to completely dissolved zona were comparable (65.2±8.9%, 68.3±7.0%, 74.1±2.1%, and 63.2±3.2%, respectively), but all were significantly greater than those treated with 2 and 1 mg/ml pronase (32.1±6.9% and 17.6±3.7%, respectively). Using the four higher concentrations of pronase, oocytes with enlarged but not completely dissolved zona (Figure 1 -E) were released from the zona by group pipetting with a narrow bored pipette. Using 2 and 1 mg/ml pronase, however, a large number of oocytes had unaltered zona, even after prolong pronase treatment.
Inclusion of 10% serum into 5, 4, 3, and 2.5 mg/ml pronase solutions not only did not inhibit the enzyme, as commonly believed, but also reduced the estimated time needed for the oocytes to regain spherical shape (up to 2 min vs. 3-4 min). However, 10% serum completely inhibited the activity of 2 mg/ml pronase. Therefore, 2.5 mg/ml pronase in presence of 10% serum was selected for zona removal. Figure 3 shows in vitro development of zona-free oocytes artificially activated with different parthenogenetic activation protocols. As shown: 1) there was no overall important influence of the activation protocol on cleavage rate, 2) the highest blastocyst rates were observed when zona free oocytes were first activated with EP + 5 µM ionomycin for 1 min, and then incubated with DMAP for either 2 h (45.1±2.3%) or 4 h (44.3±2.7%). These rates of blastocyst production were significantly greater than the related rates of all oocytes activated with 1 µM ionomycin, irrespective of ionomycin duration and/or DMAP duration, 3) the lowest blastocyst rate was observed in EP + 1 µM ionomycin for 2.5 min + DMAP for the 4 h activation protocol (17.4±1.7%) which was significantly lower than the related rates of all oocytes activated with 5 or 2.5 µM ionomycin, irrespective of ionomycin duration and/or DMAP duration. Therefore the activation protocol of EP followed by 5 µM ionomycin for 1 min and then 2 h incubation with DMAP was selected for the SCNT trials.
-Parthenogenetic activation
-In vitro culture of parthenogenetic zona-free embryos
Aside from similar cleavage rates, there was a significant influence of embryo group culture on embryo development which further improved as embryos were complemented as two in each well (Table 1) . Accordingly, the percentage of I-IVC embryos that developed to the blastocyst stage was 38.6±3.9% which was significantly lower than the related rate of the G-IVC group (54.9±4.4%). By culturing as T-IVC, the overall percentage of embryos that developed to blastocyst stage (65.4±6.9%) was significantly greater than the blastocyst rate of the I-IVC group (38.6±3.9%).
Assessment of TCN, ICM and ICM/TCN percentages revealed that embryos which developed in the G-IVC and T-IVC systems were of better quality than I-IVC embryos (Table 1 ).
-Cell cycle synchronization
As (Figure 7) , and considering the common trend of using serum starved cells for SCNT (Melican, et al., 2005) , the serum starvation method of cell cycle synchronization was used for providing G0/G1 cell population.
-Zona-free enucleation
The enucleation efficiency of oocytes enucleated under normal light (89.6±7.4%) was comparable to that of UV-assisted enucleation (95.6±5.1%). However, the percentage of oocytes lysed or degenerated during the first hour post enucleation was 8.7±2.3% in the former method which was insignificantly lower than the related rate of those oocytes enucleated under UV light (15.4±2.0%).
On the other hand, the mean volume of the cytoplasm removed without UV exposure was about 2-fold greater than the volume aspirated with UV assistance. Therefore, for more efficient AII-TII enucleation, oocytes were first stained with H33342 and then manipulated under normal light to adjust the position of AII-TII protrusion. After aspiration of the majority of the protrusion, a very short UV exposure (less than 2 sec) was used to both confirm successful enucleation and avoid excess cytoplasm removal.
Electrofusion and activation of the reconstructed oocytes
No gain in fusion efficiency was observed when the fusion buffer osmolarity was reduced from 290 (94.5±6.2%) to 210 (90.5±9.2%) mOsm. In contrast, the viability of the electro pulsed couplets (% of lysed couplets per electro pulsed oocytes) insignificantly decreased with low (210 mOsm;
17.3±3.4%) vs. normal (290 mOsm; 7.5±3.3%) osmolar fusion medium. Therefore, normo-osmolar fusion medium was used for the subsequent trials.
As shown in Figure 1 -O-S, fused donor cells were observed at the periphery of the cytoplast with highly condensed nuclear materials. One hour post-fusion, however, nuclear swelling and spindle formation were evident. Two hours post-fusion, spindle poles formed and chromosomes aligned on 
-In vitro culture of SCNT zona-free embryos
During the first step of this experiment and in order to determine the best NT embryo culture system, cloned embryos derived from cell line 1 were cultured as I-IVC, G-IVC and T-IVC in mSOF. As shown in Table 2 , by the group culture of ten embryos in ten wells (G-IVC), 22.3±3.8% of the embryos developed to the blastocyst stage. This rate was insignificantly greater than embryos cultured individually (I-IVC: 17.3±4.2%), but was significantly greater than the blastocyst rate of embryos placed together (complemented: T-IVC: 10.4±2.7%). Development to grade 1 and 2 embryos did not differ between the three embryo culture methods. Therefore, the G-IVC method of embryo culture was selected for the subsequent SCNT trials with the use of non-transgenic and transgenic adult and fetal cell lines. .
Comparison between the yield and quality of cloned embryos produced in these non-simultaneous SCNT experiments indicated that gene transmission had no influence on cloning ability of different adult cell lines (Table 2) . Zona intact SCNT resulted in a 13.1±4.9% blastocyst development which was insignificantly lower than zona intact embryos that were derived from the adult cell line. Using the transgenic fetal line resulted in a 33.1±3.8% blastocyst production rate which was significantly higher than the related rates of all zona free and zona intact groups (Table 2) .
Embryo transfer and parturition
A total of 85 cloned, 43 transgenic (developed form adult cell line) and 15 IVF blastocysts were transferred into 14, 11 and 6 recipient does, respectively. Sonographical examination at days 35-40 detected pregnancies in 28.6% of cloned (n=4), 36.4% of transgenic (n=4) and 50% of IVF recipients (n=3). However, while all IVF pregnancies (100%) persisted to term, one clone (25%), and one transgenic (25%) pregnancy were missed at the day 60 assessment and one transgenic pregnancy aborted at day 90 (25%). One transgenic pregnancy at day 60 was induced to obtain a fetal cell line (Figure 2-D) . Two IVF pregnant does each delivered two kids (Figure 2-C) and the third one (Figure 2-E) . One of the twin kids died at day four postpartum possibly from gastrointestinal problems. The remaining transgenic pregnancy resulted in the delivery of two identical offspring which were both healthy at birth (Figure 2-G) , however, one died three days after birth, apparently due to gastrointestinal problems. Genotyping analysis confirmed that all the cloned kids were identical (Figure 2-F) and the aborted and induced aborted transgenic fetuses were both positive for the htPA gene. Also both kids that were cloned from the transgenic adult cell line were identical and harbored the htPA gene in their genome (Figure 2-H) .
Discussion
Since the first description in 2003 by two independent groups (Booth, et al., 2001a (Booth, et al., , 2001b Vajta, et al., 2001) , different approaches of zona-free SCNT have generated interest due to their unique advantages over zona-intact SCNT techniques. Working with zona-free oocytes, however, requires considerable modifications in the different aspects of oocyte manipulation and embryo culture (Vajta, et al., 2003) , and more importantly, particular species-specific modifications may be needed (Ribas, et al., 2006) . Here, it was attempted to optimize the process of in vitro goat embryo development and to adopt the current method of cattle zona-free SCNT to the goat.
In vitro oocyte maturation
Easy access to an abundant and inexpensive source of properly matured oocytes is a limiting factor in the commercial application of SCNT in farm animals (Baldassarre, et al., 2004a) . In this respect, while initial SCNT studies used in vivo matured oocytes (Prather, et al.,1987; Wilmut, et al., 1997) , optimization of the IVM process in cattle and sheep can provide oocytes with comparable quality to in vivo matured oocytes which dramatically facilitate and increase SCNT efficiency in these species.
However, while ovulated and OPU goat oocytes are the preferred oocyte sources for SCNT in this species (Baldassarre, et al., 2004a (Baldassarre, et al., , 2004b , data regarding the cloning efficiency of abattoir-derived goat oocytes are contradictory; while Reggio et al., (2001) have reported no significant difference in the number of transferable early embryos produced from FSH-stimulated or non-stimulated abattoir- , 2004a, 2004b) . Apart from the IVM process, strict selection of good oocytes before, during and after IVM in addition to the beneficial effects of optimized serum free embryo culture medium enriched with B-27 supplements should not be ignored.
Metaphase II or anaphase II-telophase II oocytes?
During the IVM experiments, it was observed that goat oocytes had a particular propensity to partially extrude their nuclear material as a cortical protrusion (Figure 1-F) . Of note, Chen et al.,
, and Guo et al., (2010) similarly reported this phenomenon in in vitro matured oocytes while others did not observe this when working with in vivo (Baguisi, et al., 1999; Zou, et al., 2001; Behboodi, et al., 2004; Melican, et al., 2005) and in vitro (Lan, et al., 2006; Keefer, et al., 2002) matured oocytes. Upon zona removal, the protrusion became more clearly visible and H33342 staining clearly revealed that this protrusion encompassed the entire metaphase chromosomes (Figure 1-G) . Although no sign of cleavage and further development was observed when these oocytes were left intact for 48 h, evidence from nuclear (Figure 1 -G) staining in accordance with additional evidence (Chen, et al., 2007; Guo, et al., 2010) convinced us that these apparently MII oocytes would be more precisely considered as AII-TII oocytes.
Parthenogenetic activation of zona free oocytes
As with the first cloned sheep (Wilmut, et al., 1997) , the first cloned goats were produced by a simultaneous fusion-activation protocol of reconstructed oocytes that was induced via electrical activation (Baguisi, et al., 1999) . Soon thereafter, it was shown that chemical activators such as ionophores had greater ability to activate oocytes (Loi, et al., 1998) . Since then, sequential treatment with 5-10 µM ionomycin for 4-5 min and then 2 mM DMAP for 3-6 h has been widely used for oocyte Lan et al., (2006) believed that species-specific modifications may be needed in both the concentration and duration of ionomycin and DMAP. They could show that goat oocytes would be appropriately parthenogentically activated if treated with a decreased concentration of ionomycin (2.5 µM) and duration of ionomycin (1 min) and DMAP (2 h).
In the literature, five additional indications conclude that reconstructed oocytes and particularly zonafree reconstructed goat oocytes require a more specific activation protocol : 1) caprine matured oocytes possibly endure a spontaneous activation and progress toward the AII-TII stage (Chen, et al., 2007; Guo, et al., 2010) , 2) SCNT oocytes are routinely activated 27-30 h post maturation when oocytes are aged, and due to reduction in the levels of MPF and MAPK activity, activation triggering threshold reduces, 3) enucleation decreases MPF and MAPK level of the oocytes (Lee and Campbell, 2006) , 4) electrofusion of reconstructed oocytes primarily activate oocytes (Loi, et al., 1998) , and 5) zona-free oocytes are more sensitive and responsive to artificial activation than zona intact ones (Vajta, et al., 2003) . Accordingly, in experiment three it was observed that initial activation by EP, 1 min exposure with 5 µM ionomycin, and then incubation with DMAP for either 2 or 4 h resulted in the highest blastocyst development. Using these two activation protocols, 54.9% to 65.4% of activated oocytes developed to the blastocyst stage which are higher than the related rates h, the duration of DMAP was kept at a minimum (2 h) to lessen abnormalities reported in DMAP treated oocytes which include compromised spindle rotation, small pronuclei formation, and impaired embryo development (Szöllösi, et al., 1993; Ledda, et al., 1996) which may have a profound impact on the SCNT outcome.
Oocyte enucleation
The standard zona-free method of enucleation is based on constant UV exposure of an oocyte until the MII spindle is thoroughly aspirated into the enucleation pipette . Direct UV light, however, is potentially harmful to live cells (Chen, et al., 2007) , and importantly goat oocytes are especially sensitive to UV and significant reduction in their viability has been reported to occur with H33342 staining and UV exposure (Velilla, et al., 2002) . To circumvent this, the option of TII oocyte enucleation has been proposed as an easier method of oocyte manipulation without UV exposure which also has the advantage of removing a minimum amount of cytoplasm without UV exposure and reasonable embryo quality (Baguisi, et al., 1999; Bordignon, et al., 1998; Mohamed Nour and Takahashi, 1999) . Interestingly, while the TII enucleation method was first described in cattle (Bordignon, et al., 1998) , the first cloned animal produced by this method was the goat (Baguisi, et al., 1999) . Similarly, TII enucleation of spontaneously activated goat oocytes without UVexposure produced cloned embryos and viable kids (Chen, et al., 2007) . These studies proved that TII goat oocytes can efficiently reprogram the goat somatic cell genome. In the present study, goat oocytes were enucleated without UV exposure and just by the AII-TII cytoplasmic hallmark. It was observed that overall accuracy and viability of this method was comparable to the UV-assisted method. However, significantly higher cytoplasm was removed without UV-assistance. This increase in aspiration volume was an inevitable result of enucleation without UV in which the technician had the stress to aspirate more cytoplasm to increase the chance of successful enucleation. Considering the fact that oocyte cytoplasm and particularly the ooplasm surrounding the MII spindle contain crucial factors for epigenetic reprogramming of donor cells, excess removal of the cytoplasm can be detrimental to development of clones (Armstrong, et al., 2006) . Therefore, the modified method of AII-TII enucleation with very brief oocyte exposure to UV was used.
In vitro culture of zona free embryos
In vitro culture of zona free oocytes is invariably impaired due to the very fragile nature of dezona oocytes, which makes them sensitive to manipulation (Vajta, et al., 2000) . Moreover, zona-free oocytes have a tendency to stick together and aggregate which hampers their group culture and zona-free embryos readily lose their blastomeres during precompaction stages of development.
Accordingly, Vajta et al., (2000) described a new method for culture of zona free oocytes/embryos in wells drained in a culture dish. This so called WOW culture system provides all the advantages accounted for group culturing. Moreover, the system facilitated embryo complementation which is . Taking these advantages into account and also using an optimized static serum free embryo culture system, a high throughput culture system with minimum stress and damage to embryos and blastomere loss was developed for the first time for zona free goat oocytes/embryos. Accordingly, it was observed that group culture of parthenogenetic embryos dramatically increased blastocyst yield and quality compared to individually cultured oocytes (Table 1) . Interestingly, the complementing of two embryos (T-IVC) further enhanced embryo developmental competence (Table 1) . Group culture of SCNT also significantly improved blastocyst yield and quality (Table 2 ). However, the blastocyst yield rate of complemented SCNT embryos (T-IVC) was significantly lower compared with the G-IVC culture system which contrasted the results of parthenogenetic embryos. This contradiction in the development of T-IVC parthenogenetic and SCNT embryos may be explained by the higher chance of asynchrony between two karyoplasts-two recipient oocytes (in SCNT embryos) rather than just two artificially activated oocytes (in parthenogenetic embryos). By aggregation of three reconstructed cattle oocytes, Oback et al. (2003) also found that in vitro development of aggregated embryos was much lower than single embryos, though they considered this reduction to be a numerical consequence of aggregation. They also found that embryo aggregation had no effect on implantation rates or the post implantation rate, and concluded that embryo aggregation may not be an optimal embryo culture system due to reduction in total throughput.
Cell cycle synchronization
Coordination between nuclear and cytoplasmic events and also maintenance of the normal chromosomal constitution in the reconstructed oocyte are the most important reasons behind the numerous studies performed to adjust the cell cycles of donor cells prior to SCNT (Campbell, 1999) . 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 methods had equivalent potential to provide a G0/G1 cell population, and had similar influence on cell biology. However, since serum starvation is a more frequently applied method (Melican, et al., 2005) and considering available evidences about the molecular link between serum-starvation, epigenetic reprogramming, upregulation of certain genes and increased cloning efficiency (Tucker, et al., 2004; Cecilia, et al., 2009) , the serum starvation method of cell cycle synchronization has been used in this study. However, Wells et al., (2003) believed that the exact subtle cell cycle stage of choice for transgenic and non-transgenic cell lines may differ when optimal in vitro and in vivo cloning efficiency in cattle are desired. Further experiments to clarify this issue in the goat remain to be carried out.
SCNT efficiency
The ultimate in vitro readout of cloning efficiency is blastocyst formation. In this regard, when SCNT trials were performed using the selected approaches of experiments 1-8, neither the cell line nor Zona-intact SCNT in this study resulted in a 13.1±4.9% blastocyst development which was insignificantly lower than the zona-intact cloned embryos that were derived from adult cells, and significantly lower compared to zona-free fetal cloned blastocysts (33.1%). However, in agreement SCNT goat embryos are routinely transferred soon after reconstitution to avoid poor embryo development that results from inefficient goat in vitro systems (Baldassarre, et al., 2004a) , and limited studies have cultured NT embryos in vitro, until blastocyst stage. In terms of blastocyst development, the results of this study (21-33%) are higher than studies which have cultured NT embryos either in vivo [Behboodi, et al., (2004: 20% morulae and blastocyst); Zou, et al., (2001: 7.8% blastocyst)] or in vitro [Behboodi, et al., (2004: 15% morulae and blastocyst); Ohkoshi, et al., (2003: 3% blastocyst); Lan, et al., (2006: 17.5% blastocyst); Chen, et al., (2007: 8 .8% blastocyst); Zhang, et al., (2004: 6.8% blastocyst) ]. In a recent study, Zhang et al., (2010) reported 36.4% vs.
38.9% morulae and blastocyst from NT embryos derived from transgenic fetal fibroblasts vs. nontransfected control cells. However, since we observed embryos at day three and eight post reconstruction to detect cleavage and blastocyst rates, thus a direct comparison between the percentages of the mixed population of morula and blastocysts and merely blastocysts is not possible. Of note, while the latter group (Zhang et al., 2010) , transferred transgenic embryos at the early stages to 16 recipients; pregnancy was only confirmed at day 40 in two goats and did not confirmed later. Higher NT blastocyst development in this study may have been a result of systematic investigations and optimizations performed to provide the goat-specific procedures of IVM, SCNT, and IVC.
Embryo transfer, pregnancy and parturition
Post implantation embryonic development and birth of a viable cloned animal have been considered as two critical stages which determine the final efficiency of the cloning procedure . Accordingly, early pregnancy rate of the SCNT and transgenic embryos were 28.6% and [Baguisi, et al., (1999: 7.1%), and Keefer, et al., (2002: 17-50%); Melican, et al., (2005: 2-9%) ], FSH stimulated [Reggio, et al., (2001: 21%] , and abattoir-derived [Reggio, et al., (2001: 22%); Chen, et al., (2007: 25-30%); Lan, et al., (2006: 25-45%] oocytes. The rate of miscarriage during the gestation period was also 25% for cloned and 50% for transgenic embryo transfers which are comparable with the results of Lan et al., (2006) but are greater than that reported by Behboodi et al., (2004: 0%) . In fact, Behboodi and coworkers (2004) believed that once pregnancy was established in the caprine, no miscarriage would occur during the remaining gestation period. The exact rationale for this difference for clones remains to be understood.
Conclusion
To our knowledge, this is the first report of a successful birth of cloned and transgenic offspring through a whole procedure of in vitro oocyte maturation and embryo development up to the blastocyst stage. Also, this study is the first to provide particular methods of in vitro oocyte maturation, zona removal, oocyte enucleation, parthenogentic activation, and embryo culture in the goat. These modifications increased the efficiency of in vitro embryo development and artificial activation of goat oocytes when compared with available reports. Also the established method of zona-free SCNT of AII-TII oocytes not only subvert the need of cytochalasin B treatment and long term UV-exposure of oocytes, but also greatly increases the speed and feasibility of nuclear transfer and bulk fusion. The results of this study can be regarded as proof of the principle for the central problem of selecting the best farm animal species that contains all the benefits for commercial production of transgenic animals. 
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Between white and black bars, values with at least one common letter are not significantly different (P<0.05). F o r P e e r R e v i e w Table 2 . Comparison between preimplantation developmental competences of caprine in vitro matured oocytes subjected to zona free somatic cell nuclear transfer (SCNT).
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